1 . Dodecylamine (933 mg, 5 mmol) was dissolved in a mixture of ethanol (10.6 ml, 182 mmol) and water (10.6 ml, 589 mmol) under vigorous stirring at ambient temperature in a 180 ml polypropylene tub. TEOS (4.43 ml, 20 mmol) was then added in a single aliquot, and the tube sealed and left to age under stirring for 18 hours. After this time, the resultant coagulum was decanted into 50 ml centrifuge tubes and spun at 5000 g for 15 minutes three times, washing with water between each spin.
After the nal spin, the white slurry was scraped into a watch glass for air drying.
Activation of the HMS was performed by calcination at 550
• C in a mue furnace for 12
hours, after which nitrogen adsorption analysis was performed to conrm that mesoporosity was incorporated successfully. The results of the BET analysis are shown in gure S1
(a) (b) Figure S1 : Nitrogen adsorption data for HMS produced in this study: (a) experimental nitrogen isotherm at 77 K showing adsorption (black) and desorption (red), and (b) BJH pore-size distribution, showing a peak at 2.2 nm in accordance with reference 1 .
Preparation of test DDA solutions for NMR analysis To test a range of solution
environments for the DDA molecule and measure their relative NMR spectra compared to the reaction mixture, DDA solutions were made up spiked with HCl or NaCl. Further, a solution with low DDA concentration was made up to replicate the nal concentration in the supernatant after HMS precipitation. Table S1 shows the compositions of the solutions used for direct NMR and pH analysis. Once collected, NMR shifts were normalised against the DSS trimethylsilyl peak. DDA concentration and chemical environment were analysed through the peak at δ ≈ 2.78 ppm, corresponding to the protons on the carbon closest to the amine functionality, referred to as C1 protons (the protons on the amine functionality were impossible to analyse due to their high exchange frequency with water) 2 .
Through the NMR experiments, neither concentration nor ionic strength were found to have a large eect on the DDA peak shifting, indicating that these variables could not be responsible for the observed shifting from δ = 2.78 ppm to δ = 2.85 ppm. The eect of TEOS hydrolysis on solvent environment was then investigated by changing the relative volumes of ethanol and water in the reaction mixture to correspond with complete hydrolysis and condensation of the TEOS (corresponding to molar concentrations of 0.04 DDA: 27.6 H 2 O:
13.09 EtOH). This showed a larger eect, with the observed peak shifting to δ = 2.83 ppm, although signicantly this was still unable to replicate the peak shifting associated with the chemical reaction.
Despite this, acidication of the reaction mixture to 20 %, 90 %, and 99 % molar protonation was found to have a signicant eect on DDA peak deshielding, with the peaks moving to 2.85, 3.12, and 3.14 ppm, respectively. This more than accounted for the shift in the C1 signal measured in the reaction supernatant, therefore it was concluded that a signicant amount of protonation had occurred during the addition of TEOS. NMR spectra for the samples in dierent chemical environments is shown in Figure S2 . Parameters used for silica monomers and dimers were taken from the work of Jorge et al.
6 ; a representation of all the inorganic species considered is provided in Figure S4 . The nomenclature for silicates is as follows: SiN and SiI are used for neutral and anionic silicons • C 11 . In the next step, counter-ions, i.e. chloride (Cl -) and tetramethylammonium (TMA + ), as well as silica monomers and dimers were randomly added to the box and the system solvated with a xed number of water molecules. The original reacting mixture for HMS materials contains also ethanol, however, to reduce the complexity of the simulations this was neglected and replaced by water, as done previously in modelling the synthesis of MCM-41 6,12,13 . All atomistic simulations performed are listed in Table S6, however it should be noted that only the systems marked with an asterisk have been presented and discussed explicitly in the main body of this work. The remainder have also been included since they were used to develop the CG model, as will be later discussed in Section 3 of this document. For each AA system studied, an energy minimisation step followed by two short equilibration steps (rst NVT and then NPT) were performed. Then, the system was run for production at 323 K in the NPT ensemble for at least 10 ns. The temperature was kept constant using the Nosé-Hoover thermostat CG model development The small systems, used to develop our CG model, were created similarly to the atomistic ones by placing a preformed micelle of CG surfactants in the center of a simulation box of approximately 8 nm (see Table S7 ). In the next step, all other species were added and the system solvated with a pre-equilibrated box of CG water. The number of CG water beads used in each system was adjusted to match the concentration of the corresponding AA simulation, taking into account that in the MARTINI force eld parameters was obtained in a progressive manner by gradually including more species into our simulations, hence allowing, at each step, to validate the previously obtained parameters.
Prior to the production runs, the CG systems were energy minimised, followed by a short relaxation step. Production simulations were then performed in the NPT ensemble for up to 40 ns by keeping the temperature constant at 323 K using the velocity-rescaling thermostat 19
and the pressure xed at 1 bar using the Parrinello-Rahman barostat 15 . The equations of motion were integrated using the the leap-frog algorithm 16 with a time step of 40 fs, and cubic periodic boundary conditions were applied in all directions.
Trajectories were then analysed using an adaptation of the Hoshen-Kopelman clustercounting algorithm 20 . For this purpose, two surfactant molecules were considered part of the same cluster if, at the atomistic level, the distance between the last four atoms (one carbon and three hydrogens), or, at coarse-grained level, the distance between the last tail beads, was less than 0.75 nm. This value was chosen since it is close to the position of the rst minimum in the respective radial distribution functions. The equation used to compute the number-average cluster size for clusters larger than 4 molecules is:
where n indicates the size of the clusters and M n the concentration of clusters with n molecules. The cluster-counting algorithm allowed us to calculate AA and CG average density proles, measured from the micelle centre of mass (COM). It should be noted that the standard mass of a MARTINI bead is 72 a.u.; however, for the purpose of the density prole calculation, real masses were attributed to each bead to match the corresponding In order to improve structural agreement between AA and CG micelle density proles, a higher angle force constant than the standard MARTINI value (50 kJ mol -1 instead of 25 kJ mol -1 ) was used to model surfactant beads, charged or neutral. This was shown to produce narrower surfactant head proles as well as steeper tail and water distributions. It should be noted that higher values of the angle force constant (up to f = 500 kJ mol -1 ) were also tested producing even better agreement with AA results. However, when these very high angle force constant values were employed to model large systems at high surfactant concentration, freezing was observed to take place due to the extreme rigidity of the model.
We attribute the discrepancies between AA and CG proles for chloride counter-ions (pink curves in Figure S6 , Figure S13 and Figure S14 ) to the larger size of the ion at CG level.
In fact, by including also a solvation shell, in the CG bead, chloride ions are not allowed to adsorb as close to the surfactant heads as they do at atomistic level. Furthermore, neutral micelles appear to be more disordered than charged ones: some of the head groups are located inside the micelle core and some water molecules can penetrate inside it (see Figure S7 ). Since neutral DDA surfactants cannot dissolve in pure water 21 , the presence of head groups in the core of the neutral micelles is an indication that, at these conditions, micelles are not the thermodynamically stable aggregation state (see Figure 2 -b of the main paper). Nevertheless, also in this regard, AA and CG models show the same qualitative behaviour.
For the system containing silica monomers and dimers, we notice that although the height of the density peaks is not exactly captured by the CG model, the position and width of both silica and head group peaks is in general matched quite well with the AA proles. We attribute the small discrepancies between CG and AA proles to the more disordered nature of CG surfactant micelles, brought about by the lower resolution of the model.
The nal set of CG parameters is summarised in Table S8 . Colour code for the AA snapshot is: charged nitrogens, blue; carbons, teal; hydrogens, grey; oxygens, red; charged silicons, yellow and neutral silicons, green. Water has been removed for clarity. The monomeric solution at pH ∼ 9.2 Figure S15 shows a comparison of the nal snapshots obtained when simulating the monomeric solution at the measured pH of 9.2 (approximately corresponding to 23 % anionic silica monomers and 77 % neutral silica monomers) with 100 % charged DDA surfactants ( Figure S15 -a) and with respectively 89 % charged and 11 % neutral DDA surfactants ( Figure S15-b) . Hydrogen bond analysis To better understand the interactions occurring in the neutral system, formation of hydrogen bonds was assessed using the utility g_hbond based on AA simulations of silica/surfactant solutions. Indeed, hydrogen bonds are formed between neutral silica monomers and the neutral surfactant heads. However, calculation of the donoracceptor distribution distances indicates that this interaction is quite weak compared to the other hydrogen bond interactions taking place in the system (see Figure S17 ). red, between surfactant heads and water; green, between SN monomers and water.
As described by Jerey, hydrogen bonds can be classied according to their donoracceptor distance into strong, mostly covalent (between 0.22 and 0.25 nm), moderate, mostly electrostatic (between 0.25 and 0.32 nm) and weak, electrostatic (between 0.32 and 0.4 nm) 22 . Figure S17 shows that the donor-acceptor distance for the hydrogen bonds formed between surfactant heads and SN monomers (black line) is in the range of weak electrostatic interactions, whereas the hydrogen bonds formed by water with surfactant heads and SN monomers (red and green lines, respectively) correspond to moderate electrostatic interactions. As such, the anity observed between SN and surfactants micelles is most likely due to hydrophobic interactions than to hydrogen bond formation in these systems.
